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(54) Catalytically active gas diffusion electrodes comprising a nonwoven fibrous structure 



(57) The object of the present invention is to provide 
a gas diffusion electrode with both increased dimension- 
al stability and flexability and which can therefore be pro- 
duced at lower cost. A further object is to provide an 
improved manufacturing process that is capable of pro- 
ducing large numbers of electrodes and MEAs at low 
unit cost, in high volumes and with high yields. 

Accordingly, there is provided a gas diffusion elec- 
trode comprising a non-woven network of fibres, one or 
more catalyst components and at least one polymeric 
substance characterised in that the catalyst component 
is embedded within the fibre network. Generally, the 
non-woven network of fibres has a density of less than 
0 3 g/cm 3 . suitably less than 0 2 g/cm 3 and preferably 
less than 0 1 g/cm 3 

Fibres which are suitable for use in the present in- 
vention include carbon, glass, polymer, metal or ceramic 
fibres, preferably carbon, glass, metal or ceramic, typi- 
cally of diameters in the range of 0.2jim to 50pm and 
with lengths from 0.05mm to 300mm. suitably 0.5mm to 
150mm. If fibres other than carbon fibres or other elec- 



trically conducting fibres are used it is necessary that 
the catalyst component comprises carbon and optional- 
ly one or more other catalyst components such as metal 
or a metal supported on carbon in order that the final 
electrode structure is electrically conducting. 

The polymeric substances act as a binder to hold 
the electrode layer together. Depending on the polymer- 
ic substance used it may also act to provide essential 
electrode structural properties, such as control of the hy- 
drophobic/hydrophilic balance. Examples of such poly- 
mers include polytetrafluoroethylene (PTFE). fluorinat- 
ed ethylene-propylene (FEP). polyethylene, polypropyl- 
ene, ethylene-propylene. The polymeric material can al- 
so act to provide the ionic conduction pathway in the 
electrode. Such proton conducting polymers are for ex- 
ample the perfluorosulphonic acid materials, produced 
by E.I. DuPont de Nemours, referred to as Nafion®. 

The gas diffusion electrodes of the present inven- 
tion are of use in electrochemical devices, including 
metal-air batteries, electrochemical gas sensors, and in 
electrosynthesis. and, particularly in fuel cells. 
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the catalyst layer Additionally it also enables a mechan- 
ically stable gas diffusion electrod to be produced. 

A major problem with conventional gas diffusion 
electrodes based on the carbon fibre paper substrates 
is the lack of flexibility due to the rigid substrate that is 
typically used. The conventional electrodes are cons - 
quently easily damaged on handling which leads to high 
reject rates during the electrode and MEA fabrication 
process. This obviously has an impact on cost. With 
conventional gas diffusion electrodes based on woven 
cloth substrates a problem concerns the lack of good 
dimensional stability, as the cloth can easily be 
stretched in the directions of the major planar faces (x 
and y directions). This can make the manufacturing of 
electrodes and MEAs using these substrates very diffi- 
cult and therefore costly. 

Furthermore the complexity of the conventional gas 
diffusion electrode requires a number of separate com- 
ponents such as the substrate and the catalyst layers to 
be brought together which results in a lengthy manufac- 
turing process requiring a number of steps. Again, this 
increases the cost per unit of these gas diffusion elec- 
trodes to higher than is currently acceptable to make ap- 
plications in power generation devices, such as fuel 
cells, commercially viable. 

It is therefore an object of the present invention to 
provide a gas diffusion electrode with both increased di- 
mensional stability and flexibility and which can there- 
fore be produced at lower cost. A further object of the 
present invention Is to provide an improved manufac- 
turing process that is capable of producing large num- 
bers of electrodes and MEAs at low unit cost, in high 
volumes and with high yields 

Accordingly, the present invention provides a gas 
diffusion electrode comprising a non-woven network of 
fibres, one or more catalyst components and at least 
one polymeric substance characterised m that the cat- 
alyst component is embedded within the fibre network 
Generally, the non-woven network of fibres has a den- 
sity of less than 0.3 g/cm 3 . suitably less than 0 2 g/cm 3 
and preferably less than 0. 1 g/cm 3 

The fibres, within the matrix, are normally randomly 
orientated in the x and y direction (in-plane) producing 
a two dimensional isotropic structure. Additionally ran- 
dom orientation m the z direction (through -plane) occurs 
with the inclusion of very short fibres, typically lengths 
of < 2mm or very fine fibres, typically of diameters < 1 
urn It is also possible to introduce anisotropic character 
into the fibre matrix by using longer fibres, typically 
>50mm. in the composition, in combination with any 
method of laying down the layer that imparts a direction- 
al force into the mixture: such as extrusion or a paper 
making type processes. Fibres which are suitable for 
use in the present invention include carbon, glass, pol- 
ymer, metal or ceramic fibres, preferably carbon, glass, 
metal or ceramic, typically of diameters in the range of 
0.2um to 50jim and with I ngths from 0.05mm to 
300mm. suitably 0.5mm to 150mm If fibres other than 



carbon fibres or other electrically conducting fibres are 
used it is necessary that the catalyst component com- 
prises carbon and optionally one or more other catalyst 
components such as a metal or a metal supported on 
5 carbon in order that the final electrode structure is elec- 
trically conducting. 

By the term catalyst is meant a material that pro- 
motes or enhances the rate of the reaction of interest 
but remains unaltered by the reaction. The catalyst com- 
10 ponent or components selected will depend on the ap- 
plication for which the gas diffusion electrode is being 
used. These may be, for example, a precious metal or 
a transition metal as the metal or metal oxide, either un- 
supported or supported in a dispersed form on a carbon 
'5 support: a carbon or an organic complex, in the form of 
a high surface area finely divided powder or fibre, or a 
combination of these options. 

The polymeric substances act as a binder to hold 
the electrode layer together. Depending on the polymer- 
ic substance used it may also act to provide essential 
electrode structural properties, such as control of the hy- 
drophobic/hydrophilic balance. Examples of such poly- 
mers include polytetrafluoroethylene (PTFE), fluorinat- 
ed ethylene-propylene (FEP), polyethylene, polypropyl- 
ene, ethylene-propylene. The polymeric material can al- 
so act to provide the ionic conduction pathway in the 
electrode. Such proton conducting polymers are for ex- 
ample the perfluorosulphonic acid materials, produced 
by E.I. OuPont de Nemours, referred to as Nafion^ 

A first embodiment of the present invention pro- 
vides a gas diffusion electrode as hereinbefore de- 
scribed wherein the catalyst component is one or more 
metals or their oxides in the form of finely divided un- 
supported powders or as metals in a dispersed form on 
a carbon support. Suitably the one or more metals may 
be a precious metal (Pt. Pd. Ru. Rh. Ir. Os. Au and Ag) 
bra transition metal selected from groups IVB. VB. VI B. 
VtlB. VIM. IB or MB of the Periodic Table in "Handbook 
of Chemistry and Physics" 64th Edition. CRC Press, or 
a combination or alloy thereof. Preferably, the one or 
more metals is a precious metal, particularly Pt. or an 
alloy thereof, 

A second embodiment of the invention provides a 
gas diffusion electrode as hereinbefore described 
wherein the catalyst component is one or more carbon 
blacks 

A major advantage of the present invention is that 
a free-standing, dimensionally stable and highly flexible 
gas diffusion electrode is obtained. The incidence of 
damage to the electrode on handling during manufac- 
ture is therefore minimised thus reducing the number of 
faulty or rejected electrodes, and consequently the cost 
is reduced. Furthermore, the intrinsic material cost is 
significantly reduced over carbon paper or woven 
cloths. In addition, the electrode of the invention is more 
amenable to high volume continuous production proc- 
esses due to its high dimensional stability. 

A further advantage of the gas diffusion electrodes 
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losses occur in cells operating with hydrogen as th fuel. 
Th ME As were fabricated by hot pressing the anode 
and cathode against each face of the solid proton con- 
ducting el ctrolyte membran . as is commonly prac- 
tised in the art. 

The anodes were of the mor conventional type, 
currently widely employed in the PEMFC. They com- 
prised a conventional pre-teflonated rigid conducting 
carbon fibre paper substrate (Toray TGP-H-090, avail- 
able from Toray Industries Inc, Tokyo, Japan) to which 
was applied a layer of a 20 wt% platinum. 10 wt% ru- 
thenium catalyst, supported on Cabot Vulcan XC72R 
(from Johnson Matthey Inc, New Jersey, USA), at an 
electrode platinum loading of 0.25 mg/cm 2 of electrode 
geometric area. The MEAs were evaluated in a PEMFC 
single ceil, with a geometric electrochemically active ar- 
ea of 50 cm 2 . The single cell consisted of graphite plates 
into which flowfields were machined to distribute reac- 
tant gases and humidification water, and remove prod- 
ucts. The MEA was located between the flowfield plates. 
The operation of the single cell was controlled from a 
purpose built test station facility (from GlobeTech. of 
Bryans. Texas. USA). The "performance" of the fuel cell 
was assessed by measuring the voltage and current 
density relationship using a standard operating proce- 
dure. Unless otherwise stated, these conditions were 
typically, a reactant gas inlet temperature of 80°C. a 
pressure of both anode and cathode reactant gases of 
3 atmospheres, and a reactant stoichiometry of 1.5 for 
hydrogen and 2.0 for air. 

EXAMPLE 1 

A first particulate catalyst component was provided 
by dispersing 50 weight parts of a carbon black (Shawm- 
igan black, from Chevron Chemicals. Houston. Texas, 
USA) in 1200 parts of demineralised water To this was 
added 6 weight parts of polytetrafluoroethylene (PTFE) 
as a dispersion in water (ICI Fluon GP1. 64 wt% solids 
suspension) and the mixture stirred to entrain the PTFE 
particles within the carbon catalyst material. The slurry 
was redispersed using a high shear mixer to produce a 
smooth mixture 

A second particulate catalyst material was provided 
by dispersing 100 weight parts of a 40 wt % platinum 
catalyst, supported on carbon black (Johnson Matthey 
FC-40) in 30 parts of a 9 5% dispersion of Nafion 
EW1100 (E I DuPont De Nemours & Co.) in water, pre- 
pared according to methods described in EPA 731 ,520. 
The particulate catalyst was dispersed using a high 
shear mixer to produce a smooth mixture. 

A pre-formed non-woven carbon fibre structure was 
a 17g/m 2 (s»0.07g/cm 3 ) density carbon fibre mat. sup- 
plied as Optimat 203 (from Technical Fibre Products. 
Kendal. Cumbria. UK). This was precoated with PTFE 
by soaking for 5 minutes in a solution of 1 20 parts by 
weight of GP1 PTFE emulsion in 2100 parts by weight 
of water then draining and allowing to dry. The coated 



carbon fibre mat was heated to 350°C in air to sinter the 
PTFE. 

Th electrode of the invention was formed by press- 
ing the first particulate catalyst material into the non-wo- 
s ven carbon fibre structure using a vacuum bed to re- 
move the water and pull the particulat catalyst material 
into th structure. A total fill of 1 1 .7g Shawinigan carbon 
per cm 2 carbon fibre paper geometric area was 
achieved. The resulting sheet was pressed at 260°C 

io and 1501b per sq inch for 2 minutes to compact the 
structure. A layer of the second particulate catalyst ma- 
terial was then applied to one face of the filled non-wo- 
ven structure to provide a platinum loading of 0.76 mg/ 
cm 2 geometric area within the remaining carbon fibre 

is structure and pressed at 2001 b per square inch to com- 
pact the layer. 

The electrode formed the cathode of an MEA, with 
the face of the electrode comprising the platinum cata- 
lyst component bonded to the membrane electrolyte 

20 face. The membrane employed was Du Pont Nafion 
112. The single cell results are shown in Figure 1 and 
demonstrate that good cell performances were obtained 
from the MEA comprising the lower cost, more manu- 
facturable electrode of the invention. For operation on 

25 pure oxygen very high current densities of over 2.0 A/ 
cm 2 were obtained. For most practical applications of 
the PEMFC. the oxidant will be air. and these applica- 
tions will require that at least a current density of 500 
mA/cm 2 is achieved. As illustrated in the Figure, current 

30 densities up to 1 .0 A/cm 2 were obtained, and the results 
represent performances typical of a satisfactorily per- 
forming MEA. It is worth noting that on air operation 
there was a tendency for the cell voltage to decrease 
more rapidly as the current density increased toward 1 .0 

3S A/cm 2 , compared to the pure oxygen data. This is an 
example of cell voltage decrease due to mass transport 
losses, relating to the ease with which reactant oxygen 
in air can diffuse to the electrode reaction sites. This is 
also a typical characteristic of cell current vs voltage 

40 plots seen with conventional MEAs. fabricated with elec- 
trodes comprising conducting substrates such as high 
density carbon fibre paper. 

EXAMPLE 2 

45 

A first particulate catalyst material was prepared by 
dispersing 80 weight parts of Shawinigan carbon black 
in 1200 parts of water. To this was added 20 weight parts 
of polytetrafluoroethylene solids (PTFE) as a dispersion 

so in water (ICI Fluon GP1 . 64 wt% solids suspension) and 
the mixture stirred to entrain the PTFE particles within 
the carbon catalyst materiaL The slurry was redispersed 
using a high shear mixer to produce a smooth mixture. 
Chopped carbon fibres (Type RK 10. from RK Car- 

ss bon Fibres Ltd, UK) at a fibre length of 37 mm were treat- 
ed with GP1 polytetrafluoroethylene dispersion in water 
to give a 7 wt % coating on th fibres. Further RK10 fi- 
bres of length 12mm and Imm were similarly treated. 
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6. A gas diffusion electrode according to any preced- 
ing claim wherein the catalyst component is one or 
more metals or thetr metal oxide, in the form of finely 
divided unsupported powders or as metals in a dis- 
persed form on a carbon support. s 

7. A gas diffusion electrode according to claim 6 
wherein the catalyst component is selected from 
one or more precious metals or a transition metal 

or a combination or alloy thereof io 

8. A gas diffusion electrode according to any one of 
claims 1 to 5 wherein the catalyst component is one 
or more carbon blacks. 

1S 

9. A method for the manufacture of the gas diffusion 
electrode according to any preceding claim com- 
prising mixing the fibres with at least one catalyst 
component or a polymeric substance and thereafter 
forming the gas diffusion electrode by adapting a 20 
continuous manufacturing process. 

10. A method according to claim 9 wherein the contin- 
uous manufacturing process is based on paper- 
making technology. 25 

11. A membrane electrode assembly wherein one or 
both of the gas diffusion electrodes is an electrode 
according to any one of claims 1 to 3. 

30 

12. A fuel cell which comprises a gas diffusion electrode 
according to any one of claims 1 to 8. 
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